Additional data are presented from the Veterans Administration Cooperative Study with respect to the 194 control and 186 treated male patients with initial diastolic blood pressures averaging 90-114 mm Hg. Attack rates and effectiveness of treatment were examined with respect to the following risk factors present at entry: (1) cardiovascular-renal (CVR) abnormalities, the prevalence of which was higher than in the general population of hypertensive patients; (2) diastolic blood pressure; and (3) age. Both attack rates and effectiveness of treatment increased directly with the number of these risk factors present at entry. Age and presence of CVR abnormalities at entry appeared to strongly influence subsequent attack rates, whereas entry level of blood pressure had a relatively smaller effect on attack rates. On the other hand, "effectiveness of treatment" appeared to be most influenced by the initial level of blood pressure. Patients with prerandomization diastolic blood pressure in the range of 90 to 104 mm Hg derived relatively little benefit from treatment unless they had CVR abnormalities at entry or were over 50 years of age. A longer period of follow-up would be needed to assess the value of treatment in the lower risk subgroups.
T HE VETERANS Administration Cooperative Study Group previously reported on the results of a randomized, double-blind clinical trial in 194 control and 186 treated male patients with initial diastolic blood pressures averaging 90 through 114 mm Hg followed prospectively for periods up to 5.5 years, average 3.3 years.1 Treatment consisted of a combination of hydrochlorothiazide, reserpine, and hydralazine. There were 19 deaths related to cardiovascular disease in the control group and eight in the treated series. Life table analysis indicated that the risk of a morbid event, fatal or nonfatal, over a 5-year period was reduced from 55 to 18% by treatment. Congestive heart failure, stroke, and progressive renal damage were sharply reduced or eliminated in the treated patients. However, the incidence of myocardial infarction and sudden death was essentially the same in the control and treated groups. In addition to assessable morbid events, 20 control patients versus none of the treated group developed persistent diastolic elevations of 125 mm Hg or higher.
In the initial report the patients were incompletely characterized as to the prevalence of cardiovascular abnormalities prior to randomization. The present report determines the relationship between prior cardiovascular damage and the effectiveness of treatment. The influences of age and blood pressure also are analyzed in more detail than in the original paper. The prerandomization blood pressures given in this and in the initial report1 represent the average of the readings taken by the physician during the last two outpatient visits preceding randomization. Finally, additional data with respect to side effect and dose modifications are presented.
Influence of Age
The median ages were given in the initial report1 as 49.2 years for the control group and 48.1 years for the treated series.
Additional data are presented in table 1. Fifty-one percent of the control and 55% of the treated group were less than 50 years of age. Approximately one fourth of the patients were in the 50-59-year age group. The 60 and above age group included 22.1% of the control and 20.5% of the treated patients, the oldest patient being 75 years of age.
The prerandomization blood pressures for the different age groups are shown in table 2. Systolic blood pressure was related directly to age, and averaged 154 mm Hg in the patients under 40 years of age and rose with age to 178 mm Hg in the 70-75-year age group. Mean diastolic blood pressures, however, were essentially the same at all ages. There were no significant differences in blood pressure in the control and treated patients.
Information on the duration of known hypertension indicated that 48% had recognized hypertension for 5 years or more, and 29% had hypertension for 9 years or more. The relatively high prevalence of hypertension of long duration may be explained in part by the age distribution and in part by the fact that the sample included only patients with "fixed" hypertension, namely those with diastolic blood pressures averaging 90 mm Hg or more from the fourth through the sixth day of hospitalization.
The incidence of morbid events during the study by age at randomization is listed in table 3. As would be expected, the incidence of major complications rose with age. In the control group, 15.2% of the patients under age 50 years developed morbid events following randomization as compared to 62.8% of the patients above age 59 years. In the treated patients, the percentage incidence of morbid events was 6.9 and 28.9%, respectively, in these two age groups. Treatment appeared to be effective in all age groups. The effectiveness of tlncludes in treated group one patient terminated because of hypotensive reactions, one death from ruptured atherosclerotic aneurysm, and one patient with second-degree heart block. In control group includes oine patient with left bundle-branch block. treatment in preventing morbid events was estimated from the difference in the percentage incidence of major complications between Circulation, Volume XLV, May 1972 control and treated patients divided by the percentage incidence in the control patients (table 3) . Treatment was 55% effective in the subsample below 50 years of age, 68% in the 50-59-year age group, and 54% in the patients aged 60 years and over.
The relationship between age and type of morbid event is shown in table 4 . In the control group the most frequent complications in the oldest age group were cerebrovascular accidents and congestive heart failure. The latter was uncommon below age 60 years. However, increasing hypertension or progressive renal damage occurred predominantly in the control patients below age 50 years. Coronary artery disease occurred in all age groups but its percentage incidence was more common in the patients aged 60 years or over (tables 1, 4) . Unlike the other categories, the complications of coronary artery disease did not appear to be affected by treatment.
Influence of Prior Cardiovascular Abnormalities
The prevalence of cardiovascular-renal abnormalities found prior to randomization is summarized in table 5 . In grading the optic fundi, "hypertensive" and "sclerotic" changes were evaluated separately. Grade 1 hypertensive changes were defined as a probable decrease in arteriolar caliber with an A-V ratio of approximately 1:2, while grade 2 changes indicated a definite decrease in arteriolar caliber ranging from an A-V ratio less than 1:2 to threadlike arterioles. Because of the difficul-ty and variability in differentiating grade 1 from niormal, only the grade 2 changes are reported. Such changes occurred in 31% of the control and 25% of the treated patients. Grade 2 sclerotic as opposed to hypertensive changes were defined as scattered prominent A-V nicks or asymmetric irregularity of arteriolar segments. Such changes were reported in 24% of patients.
Backgound charactistics were analyzed to determine the presence of cardiac, central nervous system (CNS), or renal abnormalities. All patients with severity grades2 greater than zero with respect to any of these target organ systems were included with the following exceptions: headache, if this was the only CNS abnormality, and dyspnea on heavy effort if it was the only cardiac abnormality; optic fundi scores also were not included. Patients with dyspnea on ordinary activity, angina, left ventricular enlargement (LVE), cardiomegaly by X-ray, neurologic symptoms other than headache, or renal score greater than zero were included. On the basis of these criteria, 55% of the control group and 60% of the treated patients exhibited one or more abnormalities in the major target organ systems (table 5) .
Ungerleider criteria3 were used for determining cardiomegaly from the standard posterior-anterior X-ray of the chest. By these criteria, 22% of the control group and 28% of the treated patients were considered to exhibit cardiomegaly prior to randomization. The electrocardiographic criteria for left ventricular enlargemenit (LVE) required that the patieint exhibit both voltage changes (S in V, or V, plus R in V, or V,, > 35 mm) and flat, biphasic, or negative T waves in leads I, aVI, and V, or V*;. Sixteeni percent of both the control and treated groups exhibited LVE by these criteria prior to randomization.
Renal damage was graded as follows. Grade 1 inicluded any two of the following: specific gravity of 1.020 or less in all of three separate overnight urine collections, proteinuria of 1+ or more in any one of these speceimens, and phenosulfonphthalein (PSP) excretion of less than 45% in a pooled 2-hour specimen. Grade 2 changes included any two of the following: specific gravity of 1.015 or less, proteinuria 1+ or more in all of three daily specimens, and PSP excretion of 30% or less. Grade 3 indicated all three of the above changes. Grade 4 denoted the presence of azotemia. The frequency of grades 1 and 2 renal changes was the same in control and treated groups with 12% exhibiting grade 1 and 2% exhibiting grade 2 changes (table 5). None of the patients exhibited grade 3 changes. There were four patients in the control group and three in the treated series in whom the blood urea nitrogen was reported as being in the range of 25 to 32 mg/ 100 ml. However, the serum creatinine value was normal in four of these patients, and they did not develop morbid events following randomization. Of the remaining three patients, one died of a carcinoma of the urinary bladder, another developed congestive heart failure, while the third, who had chronic glomerulonephritis (GN) with serum creatinine of 2.4 mg/1100 ml initially, was later removed from the trial because of elevated diastolic blood pressure.
Five patients, two in the control and three in the treated group, were diagnosed as having primary renal disease. Chronic glomerulonephritis was diagnosed in four and bilateral medullary sponge kidney in one. One of the two control patients with chronic GN was removed because of elevated diastolic blood pressure (see above) while the other developed a cerebral thrombosis. In the three actively treated patients with primary renal disease there were no morbid events.
Included in the study were some patients who had previous major events. Seven percent of the 380 patienits, equally divided between control and treated groups, had sustained a myocardial infaretion prior to randomization. Six pereent of the control group and 9% of the treated patients had a past history of cardiac decompensation but were Inot in conigestive heart failure at the time of randomizationi.
Five percent of patients in both the control anid treated groups had a clinical diagniosis of cerebral thrombosis. Patients with a histoiy of other major complications of hypertensioni such as cerebral or subarachnoid hemorrhage, persistent congestive heart failure requiring continiuous diuretics, accelerated phase of hypertensioni, or acute hypertensive enicephalopathy were not admitted into the trial.
Cardiovascular-renal abnormalities were more frequent in the older patients (table 6) .
In those under 50 years of age, 46% presented with one or more abnormalities as opposed to 65% of the 50-59-year age group and 78,/ of the patienits above age 59 years.
The presence of prior cardiovascular damage greatly increased the risk of dexeloping nmorbid events followinig randomizationi (table] 7). In the patients with either myocardial infaretion, congestive heart failure, or cerebral thrombosis prior to ranidomization, subsequent major complications occurred in 53% of the control and 26% of the treated group during the postrandomization period. In those witl evidence of cardiac, CNS, or renal damage but without a major complication preceding ranidomizationi, the incidenice of subsequent morbid events was 33% in the control patients anid 8% in the treated group. Effectixeniess of treatment for the combined subsamples presenting with prerandomnization abnormnalities wvas 64% (table 7) .
The incidence of morbid events xwas mueh less in the control series of patients preseniting without abnormalities. In The difference is not statistically significant although the trend indicating 50% effectiveness of treatment is similar to that found in the group with preexisting abnormalities. It should be emphasized that 20 control patients were removed from the trial prior to any morbid event because of elevations of diastolic pressures to more than 124 mm Hg which persisted for 3 weeks or longer.1 Seven of the 20 patients had a prerandomization clinic diastolic blood pressure lower than 105 mm Hg. Fifteen of the 20 were less than 50 years of age; 10 of the 20 had no evidence of cardiac, CNS, or renal abnormality. Since at this level of diastolic blood pressure the risk of developing subsequent events without treatment is very high,4 the removal of these patients prior to the development of a morbid event probably resulted in an underestimate of the effectiveness of treatment in all subgroups but especially in the subgroup under age 50 years and the group presenting without cardiac, CNS, or renal abnormalities.
Among the 27 fatalities occurring during the randomized trial, 17 deaths were associated with myocardial inifarction or occurred suddenly; of these, 11 occurred in the control group and six in the treated patients. With respect to other risk factors in these 17 patients, six of the control and two of the treated patients had prerandomization serum cholesterol levels greater than 260 mg/100 ml. Two control patienits and one treated patient exhibited fasting blood sugar levels above 110 iig/ 100 ml. There was no evidence of hypokalemia during the annual examinations in any of the patients who had sudden death.
Congestive heart failure occurred in 11 of the control patients. In five it represented a recurrence, while in six the initial attack occurred following randomization. Although 17 of the treated patients had a history of congestive heart failure prior to randomization, none developed recurrences during the postrandomization period.
Influences on Therapeutic Effectiveness
Because of the separate effects of level of diastolic blood pressure,' age, and prior cardiovascular abnormalities on the incidence of morbid events it seemed of initerest to assess the influence of various combinations of these factors. Subdivision of the patient population into small subgroups increases the likelihood of large errors in observed rates due to random fluctuations. Therefore, rates were estimated by the use of multiple regression technics which, like curve fitting, smooth out some of the random fluctuations in the observed data. The multiple regression technic likewise can provide improved estimates for the larger Circulation, Volume XLV, May 1972 subgroups (all patients presenting with a given risk factor). Thus, the technic has been used to restate the attack rates for subgroups previously described, e.g., the younger group versus the older group. Such improved estimates are shown in the first section of table 8. Of course, the calculated "effectiveeness of treatment" is modified to some degree.
With regard to combinations of risk factors the results indicate that the greatest benefit of treatment was achieved in the subgroups with diastolic blood pressure of 105-114 mm Hg Attack rates computed by mnutltiple regression data for control (clear columns) and treated (black columns) patienits. fig. 1 ). Treatment was least effective in two subgroups: those with initial diastolic blood pressure below 105 mm Hg and no cardiovascular, CNS, or renal abnormalities; and those below age 50 years with similar levels of blood pressure. These results, of course, may be considerably influenced by the relatively brief period of follow-up. Table 9 indicates attack rates and effectiveness of treatment in relation to prevalenice of the three risk factors at entiy irrespective of the type of risk factor. Both attack rates and effectiveness of treatment are lowest when no risk factors are present anid increase progressively with increasing prevalence of risk factors.
Side Effects
The initial report' indicated that two treated patients w,ere removed from the trial because of presumed toxic reactioiis one being aniaphylactoid purpura. the other suspected, but unproveni, lupus syndrome. In additioni, there wvere 30 patienits in whom the Hypokalemia. As indicated in table 10, the distribution of serum potassium levels prior to randomization was nearly identical in the control and treated patients with only 1% of the control and 2% of the treated patients exhibiting subnormal values. At the first annual examination, however, the percent distributions in the treated group shifted toward lower values of serum K while the control group remained essentially unchanged. At the end of 1 year, 2% of the control and 23% of the treated group exhibited subnormal values. However, only 1% of the treated patients exhibited a serum K level below 2.5 mEq/liter. A similar trend was found at the second annual examination, although there were no patients in the treated group who had a serum potassium level below 2.5 mEq/liter.
Of the patients completing two annual examinations, approximately half of the 23 treated patients who exhibited serum K levels under 3.5 mEq/liter at the first annual examination remained hypokalemic at the second annual examination. Five of the patients exhibiting subnormal serum K values at the first annual examination received potassium supplements. Three of these exhibited normal serum K values at the second annual examination, while two remained mildly hypokalemic. Serum Uric Acid. At the initial examination, 13% of the control group and 11% of the treated patients exhibited uric acid levels of 8.0 mg/100 ml or higher (table 11) . At the first annual examination patients with elevations of 8.0 mg/ 100 ml or higher accounted for 16% in the control and 30% in the treated series; at the second annual examination the percentages were 19 in the control and 25 in the treated. In the 40 treated patients exhibiting hyperuricemia after 1 year, 18 had uric acid levels remaining at 8.0 mg/ 100 ml or higher at the second annual examination. Five of the patients exhibiting uric acid elevations at the first annual examination were placed on either allopurinol or probenecid; the uric acid remained elevated in three and fell below 8.0 mg/ 100 ml in two at the second annual examination. As indicated in the previous report,' two actively treated patients experienced their first attack of gout during the postrandomization period.
Fasting Blood Sugar. The data with regard to fasting blood sugar (FBS) are incomplete due to the fact that the 2-hour postprandial blood sugar was substituted for FBS at a few hospitals during the first 3 years of the trial. Abbreviations: Ccontrol group; T treated group.
The prevalence of FBS values of 110 mg/100 ml or higher was essentially the same in the control and treated groups prior to randomization (table 12) . One year after randomization, however, the prevalence was 20.8% in the treated series as compared to 15.6% in the control, and 2 years after randomization it was 30.0% in the treated and 17.0% in the control patients. FBS levels of 120 mg/100 ml were found in 7.0% of the treated patients prior to randomization, 12.5% at the first annual, and 14.6% at the second annual examination. Because of the difference in total patients available for examination at the end of the first and second year of follow-up (table 12) , the data also were analyzed using as denominators only the patients who completed both the first and second annual examinations. The results still indicated a greater percentage of patients with elevated FBS in the treated as compared to the control group of patients.
There was no significant correlation between reduction in serum K and the increase in FBS in the treated group of patients. Atter 1 year of treatment mean serum K was 3.91 SD 0.57 mEq/liter in 119 treated patients with FBS levels below 110 mg/100 ml and 3.89 SD 0.57 mEq/liter in 40 treated patients with FBS levels of 110 mg/100 ml or higher. After 2 years, the serum K levels were 4.04 SD 0.58 and 3.98 SD 0.91 mEq/liter, respectively, in the two groups.
Changes in Doses of Protocol Drugs
At the time of randomization a combination of hydrochlorothiazide 50 mg and reserpine 0.1 mg twice daily plus hydralazine 25 mg three times daily5 were administered to all patients in the treated group.* Obviously, this therapeutic regimen will result in a higher incidence of side effects than the usual method of initiating treatment with a single antihypertensive agent. Therefore, provision was made *The special medications used in this study were prepared by Dr. William E. Wagner of Ciba Pharmaceutical Co., Summit, New Jersey. §1Reasons for chaniging doses of placebos were as follows: aniginia in three patients, headache in onie, nasal stuffiniess in one, skini rash in oie, anid mtultiple complaiiits ill two. for reducing doses or for discontinuing one of the three drugs in the presence of hypotensive symptoms or other side effects.
A sample of 124 patients was taken of the 380 randomized into the trial. Their case records were examined for modifications in doses and for the reason for the changes. The sample was chosen in a way which would contribute proportionate numbers from each of the participating clinics and would span the time period during which the patients were entered into the trial.
Doses were modified in nine (16%) of the control sample and in 36 (53%) of the treated sample (table 13 ). In the placebo group the reasons for changing doses included the following side effects: headache, nasal stuffiness, angina, skin rash, and multiple complaints. In the treated group 28 of the 36 patients whose regimens were modified had their doses reduced mainly because of hypotensive symptoms of weakness, lethargy, or faintness associated with a fall of diastolic blood pressure to levels usually well below 90 mm Hg. These symptoms abated following appropriate reductions in doses. Side effects other than hypotensive symptoms leading to changes in doses included angina in three patients, headache in three, nervousness in Circulation, Volunme XLV, May 1972 one, anid nasal stuffiness in one patient. Thus, the incidence of side effects other than hypotension leading to changes in doses was not significaintly different in the control and treated groups. Hypotensive symptoms probably would have been far less if treatment had beeni initiated with a single antihypertensive agent.
Incidence of Subjective Side Effects
Subjective side effects in the same subsample of 124 patients were evaluated from a physician's interview checklist contained on the clinic visit report forms. The reports for the last two visits during the prerandomization trial period and all postrandomization visits were reviewed.
Probably because of different value judgments used by the various clinic physicians there was considerable variation from one hospital to another regarding the frequency with which specific complaints were reported. Since the same physician always saw a particular patient it seemed valid to compare the postrandomization against the prerandomization period for each patient. In any particular patient only those side effects were counted which were complained of solely during the postrandomization period and which were not nioted prior to randomization.
The results indicate a surprising number of patients complaining of specific side effects in the group of patients randomized on placebos. For example, of 52 patients in the control group who did not complain of nightmares prior to randomization, six reported this "side effect" at some time following randomization (table 14) . For the specific complaints of nightmares, arthritis, angina, and headache, the incidence actually was greater in the control group of patients than in the treated group. The incidence was nearly equal for both control and treated groups for the side effects of depression, skin rash, impotence, and "other complaints." A possible explanation for the high incidence of "side effects" is that the physician may have paid more attention to the side effects interview following randomization.
The only side effects occurring with greater frequency in the treated group of patients were lethargy or weakness, nasal stuffiness, ulcer symptoms, and first appearance of any complaint. The latter refers to the patients who had no complaints of any kind prior to randomization but who reported one or more side effects following randomization.
It also seemed important to examine the incidence of side effects after appropriate maintainence doses of the antihypertensive drugs had been obtained. Therefore, data relating to the reporting of specific side effects omitting the first two postrandomization visits (third and subsequent visits only) also are presented in table 14. For these latter visits the reporting of complaints of ulcer symptoms, lethargy or weakness, and nasal stuffiness were insignificantly differeint in the control and treated groups of patients. It is interesting that during these visits the reporting of angina and headache was considerably higher for the control as compared to the treated group of patients.
Discussion
The incidence of morbid events in the present study was higher than o7ould be expected in the general population of hypertensive patients. The reasons for this probably include the following: (1) patients with hypertension on admission but whose diastolic blood pressure averaged below 90 mm Hg during the fourth through sixth day of hospitalization were excluded; (2) more than half of the patients presented with cardiovascular or renal abnormalities; (3) in almost 30% of the patients hypertension was known to be presenit for 10 years or longer; and (4) while only one fifth of the patients were above 60 years of age such patients contributed half of the morbid events. The incidence of morbid events in the control group was greater in patients with initial levels of diastolic blood pressure averaging 105-114 mm Hg than in those with 90-104 mm Hg at entry. The effectiveness of treatment was much greater for those with the higher initial blood pressure levels. In the present communication it is shown that preexisting cardiovascular disease markedly increases the risk of developing events in the control group and that the effectiveness of treatment over the limited period of observation was greater in those with such evidence of prior disease.
Termination of the trial was necessitated by the clear-cut evidence of benefit in the treated group as compared to the controls. Since the patients without evidence of cardiovascular disease were at reduced risk, follow-up was of too brief duration for the occurrence of many events or to obtain a statistically significant difference between control and treated groups in this subsample. However, the observed 50% effectiveness of treatment in the "no abnormality" group, which was not substantially different from the 64% effectiveness found in the group with abnormalities, is consistent with a protective effect of treatment.
The results of the present trial justify more inten.;ive efforts to identify and maintain under adequate treatment patients with any signs of cardiovascular damage or with diastolic blood pressure averaging in excess of 104 mm Hg. Evidence from surveys carried out in representative population groups"6 indicate that many of these patients are either unaware of their hypertension or are not receiving adequate treatment. Additional evidence will be required, however, to determine whether the benefits of treatment outweigh its disadvantages in lower risk patients, such as in those with mild hypertension and no evidence of vascular disease, particularly in women, and in patients with labile hypertension. Toxic reactions may occur with any of the presently available Circulation, Volume XLV, May 1972 aintihypertensive agents, and side effect, particularly biochemical changes associated with thiazides and related diuretics, are relatively common. Modifications of doses often are required because of other disturbing side effects. While the risk associated with these various side effects appears small, it must be considered in relation to the benefit to be expected in treating patients whose risk of developing complications due to hypertension also is relatively low. If patients are nlot treated, however, they should be followed periodically to determine whether the hypertenision progresses to a more severe stage. Such follow-up appears to be particularly important in younger patients. In the present study, 15 of the 20 control patients whose diastolic blood pressures became severely elevated were below 50 years of age; seveni had an initial diastolic blood pressure below 105 mm Hg.
In the present sample of patienits, antihypertenisive treatment appeared to be effective in reducing the complications associated with hypertension except for myocardial inifarction anid sudden death. This result is not niecessarily iniconsistent with the statistical evidence that elevated blood pressure is one of the "risk factors" associated with an increased incidenice of coronary heart disease. It is possible that a larger sample size or a longer period of follow-up might have revealed differences not apparent in the presenit study. Also, a greater degree of protection might have beeni afforded if treatment had beeni instituted at an earlier stage of hypertension. Therapeutic trials are needed in a different population of hypertensiv'e patients in order to resolve this question.
